Introduction: Primary hepatic neuroendocrine tumor (PHNET) is extremely rare and infrequently reported in the literature. Due to the rarity and often asymptomatic clinical features, the diagnosis of PHNET preoperatively is difficult. The aim of the study was to characterize the clinical view, diagnostic tools, and results of surgical treatment of PHNETs. Materials and methods: We report PHNET case with an intraoperatively carcinoid crisis, which is a little-described complication of neuroendocrine tumors (NETs) and can be life-threatening. Published PHNET case series were searched in the PubMed, Medline, and Cochrane Library databases using combinations of relevant terms and were enclosed in the review of the literature. Case Description: A 41-year-old woman was referred due to liver mass incidentally discovered on abdominal ultrasound. The patient underwent resection of hepatic segments: II, III, IVb, V, and cholecystectomy with suddenly hemodynamic instability during surgery. Immunohistochemical and pathological examinations revealed a NETs. Conclusion: This case is interesting because of the rarity of this neoplasm and unexpected life-threatening complications. Primary hepatic neuroendocrine carcinoma should be considered as a possible differential diagnosis in the management of hepatic tumors.
IntroductIon
Neuroendocrine tumors (NETs) develop most often along the gastrointestinal tract (54-75%), especially in the small intestines (35-45%) and rectum (19.6-23%). [1] [2] [3] [4] [5] [6] [7] [8] Primary hepatic NETs (PHNETs), also known as carcinoid tumors, although extremely rare, increasingly receive the attention of clinicians. Tumors arise from scattering neuroendocrine cells in the epithelium of the intrahepatic biliary tract or heterotopic tissue located in the liver. 2, 4, 9 Primary hepatic NETs represent only 0.3-5.5% of all neuroendocrine malignancies and are reported about 1-2% of all gastrointestinal tumors. 3, 4, 6, 8, [10] [11] [12] [13] [14] [15] [16] Most of the hepatic NETs (about 54-90%) are metastases from gastroenteropancreatic NETs, especially from pancreas (30%) and rectum (17%). 5, [10] [11] [12] [13] 15, [17] [18] [19] Due to the rarity of PHNETs, clinical features, treatment outcomes, and tumor characteristic dates are poorly described. There are usually low-grade tumors, which can secrete hormones like chromogranin A (CgA), serotonin, and gastrin. 2 Due to rarity, it is a diagnostic and therapeutic challenge to make the correct diagnosis. In this article, we present a case report of a patient with PHNET who underwent liver resection complicated by severe, intraoperative, and hemodynamic instability. Articles to review of the literature were selected from the PubMed, Medline, and Cochrane databases using the following keywords: primary hepatic neuroendocrine tumor, neuroendocrine tumor, liver, and carcinoid crisis. We mainly focused on the original, full-text case series. The aim of the study was to present the current view on clinical features, treatment, diagnostic tools, and outcomes of surgical treatment of PHNETs.
cAse descrIptIon
A 41-year-old female patient was admitted to the Department of General and Oncological Surgery of the Central Teaching Hospital of Medical University with, "a symptomatic hepatic mass" founded by ultrasound 1 month earlier and confirmed on magnetic resonance image (MRI). Ultrasound examination revealed a heterogeneous, solid, hyperechoic tumor located in the left lobar, with diameter 60 × 46 mm. Magnetic resonance image showed heterogeneous, well-circumscribed liver masses in segment IV (40 × 43 mm) with low intensity in T1-weighted images and high intensity on T2-weighted images. The patient referred only abdominal pain in the right epigastrium for 6 months without other clinical symptoms. The routine laboratory studies abnormalities apart from a slight elevation of liver blood test: alanine aminotransferase 57 U/L (normal 7-56 U/L), aspartate aminotransferase 88 U/L (normal 5-40 U/L), and lactate dehydrogenase 264 U/L (normal 135-225 U/L). Serum tumor markers, such as α-fetoprotein (AFP), carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (Ca19-9) were within the normal range and negative serology for hepatitis. The patient was qualified for surgical treatment. Intraoperatively tumor in segment III, IVb, and V of the liver was found. At the beginning of liver resection, which was started in the area of segment V, there was a sudden severe hypotension and flushing, without bronchospasm. There was no obvious cause of hypotension-neither tumor manipulation nor using drugs that stimulate the sympathomimetic system or lead to histamine release. Systolic pressures were ranged from 40 to almost 0 mm Hg. Initial management included intravenous bolus of ephedrine (10 mg + 5 mg) with crystalloid bolus (20 mL/kg). Due to a lack of response to this management, it started to continuous intravenous adrenaline infusion (range from 0.02 to 0.08 μg/kg/ minute) and norepinephrine infusion (range from 0.02 to 0.08 μg/ kg/minute). Emergency echocardiography was performed during surgery-without any abnormalities and causes of hemodynamic instability. In total, 4,000 mL of fluid and 1 mg of adrenaline was administered. Furthermore, the patient received a single-shot high dose of methylprednisolone (125 mg) and clemastine (2 mg). After hemodynamic stabilization (blood pressure 110/60 mm Hg) liver resection has been continued. The patient underwent resection of hepatic segments II, III, IVb, V, and cholecystectomy was performed. At the intensive care unit, the patient did not require any vasopressor support. After surgery, the patient remained intubated due to tongue swelling. She was recovered and successfully extubated on the next day. The resected specimen weighed 350 g and solid, white and well-circumscribe tumor in segment IVb/V measured 4 cm in diameter was found. Pathological and immunohistochemical examinations ( Fig. 1 ) revealed neuroendocrine carcinoma with no complete excision surgical margins (R1 resection); with hemorrhagic and necrotic areas. Multifocal angioinvasion with vascular thrombosis was observed. Tumor cells were positive for the following markers: synaptophysin (Syn), CgA, and CD19, by immunohistochemical studies. The Ki-67 index was 30% and the mitotic count was 10/10 per high-power field. She was discharged home on day 7 after surgery in a good general condition. Postoperative work-up, including the thorax and abdomen computerized tomography (CT), MRI, PET-CT with 68Ga, PET-CT with 18 F-fluorodeoxyglucose, panendoscopy excluded the presence of extrahepatic primary neuroendocrine neoplasm or metastasis. 2 months after surgery, 18 F-fluorodeoxyglucose PET imaging revealed high FDG (fluorodeoxyglucose) uptake in the liver segment IVa (diameter 12 mm). Magnetic resonance image was performed 3 months after primary surgery-revealed cystic lesion located laterally and below segment IVa liver measuring 88 × 28 mm and perfusion disorders at the area of the unresected part of the liver segment IVa (Fig. 2) . The last MRI images, performed 8 months after primary surgery, showed 3 lesions with maximum diameter up to 15 mm, located on the surface of liver segments VII and VIII. After performing a systematic examination and follow-up of 8 months to exclude metastasis or extrahepatic primary tumor, we diagnosed a PHNET.
dIscussIon/revIew o f LIterAture
Several previous studies and our review of the literature indicate that PHNETs mostly occur in middle-aged patients, with the mean age range from 43.7 years to 66.5 years 2-4,10-13,17-20 and no clear gender preference exist (female 25.71-66.67% vs male 33.33-74.92%). [1] [2] [3] [4] [9] [10] [11] [12] [13] [16] [17] [18] [19] [20] Size of malignancies ranged from 0.6 cm to even 27 cm and the majority of tumors located on the right lobe of the liver 37.5-49.3% [1] [2] [3] 8, 9, 11, 16, 17 The average diameter equaled 3.82-6.73 cm or even measured up to 8.6. 2, 3, 11, 16, 17 Most tumors (>90%) were >3 cm in diameter at the moment of diagnosis. 19 The masses were observed more often unilobar (61.67-81.5%) than bilobar (18.5-38.33%), and more frequent there were single nodule (55.6-76.6). [1] [2] [3] [4] 8, [10] [11] [12] [13] 16, 17, 20 (Table 2) . [1] [2] [3] [4] [9] [10] [11] [12] [13] 16, 17, 20 Carcinoid syndrome can occur in 3.66-18.9% of patients. [1] [2] [3] [4] 6, [9] [10] [11] [12] [13] 16, 17, 19, 20 Many patients are discovered by routine screening or health examination with a solid tumor mass. 2, 12 It is also noteworthy, even 23.2-41% patients did not have any presenting symptoms. [2] [3] [4] [9] [10] [11] [12] [13] 16, 20 Diagnosis of PHNET is challenging and it is difficult to differentiate preoperatively from other tumors. Usually, serologic tumor markers such as AFP, CEA, or Ca19-9 are within normal limits. 13, 16 Serum analysis of CgA (sensitivity of 87-100%, specificity 84-95%) and 5-hydroxyindoleacetic acid (5-HiAA) in 24-hour urine collection (sensitivity 74%, specificity 90-96%) should be assessed during diagnosis process of NETs and can help detect tumor recurrence. [5] [6] [7] 9, 20 Serum CgA level can be false-positive in patients with hepatic or renal failure, chronic proton pump inhibitor. It is important to keep in mind to not mistake carcinoid tumor with hepatocellular carcinoma (HCC). 3, 16, 20 On images, PHNET is detected as hypervascular (in the arterial phase), heterogeneous, well-demarcated solid tumor mass with or without cystic changes, accompanied by satellite hypodense nodules. 2, 3, 6, 12, 13, [18] [19] [20] Primary hepatic NETs had a rich blood supply from the hepatic artery, which can contribute to misdiagnosis as HCC. Computed tomography images PHNETs show low-density mass on precontrast phase with diffuse heterogeneous enhancement, on MRI-low intensity in T1-weighted images, and high intensity on T2-weighed images. 2, 6, [17] [18] [19] [20] [21] Endoscopy scanning, somatostatin receptor scintigraphy and positron emission tomography (PET) scans are also performed for detection of primary tumor. 8 Positron emission tomography scan can detect tumor as small as 2 mm in diameter and PHNETs often has high 18 F-fluoro-deoxyglucose uptake. 2, 6, 10, 20 Researchers suggested that octreotide scintigraphy is useful in detecting the primary tumors, recurrence or exclude extrahepatic liver tumors with the sensitivity of 80-90%. 6, 7, 9, 10, 12, 18, 20 It has the highest specificity for NETs-83-88% show somatostatin receptors, which can be used to predict response to octreotide analog treatment. 6, 13, 15 It should be a routine preoperative approach of suspected NETs because it even identifies an additional 16% of distant tumors, which are invisible for CT or MRI. 15 There is no standard definition of carcinoid crisis-it contains both severe diarrhea and unexpected fluctuating blood pressure during surgical manipulation. 4, 22 Carcinoid tumors can cause unpredictable circulation complications, which are results of the release of neurosecretory products into the systemic circulation. According to guidelines for care in NETs, treatment with long-acting somatostatin analogs can contribute to control and inhibit the excessive hormonal output and prevent carcinoid crisis. 23 Clinicians must keep in mind that high CgA levels, high urinary 5-HIAA, large tumor mass are risk factors for developing an intraoperative carcinoid crisis. The ideal dosing method of octreotide has not been published yet, but PHNETs guidelines recommend the administration of octreotide 100 μg three times/day subcutaneously for 2 weeks before intra-abdominal surgery. [23] [24] [25] In emergency cases, we could administer additional, an intravenous bolus of 500 μg. 5 Some authors suggested perioperative prophylactic treatment with intravenous octreotide, which started 12 hours before and routinely continued at least 48 hours after surgery with the initial mean dose 100-200 μg/hour. 5,23,25 About 11-15% of patients who did not receive octreotide analogs before an operation, suffered from carcinoid crisis vs 0-3.4% which had prophylaxis. 4, 5, 12, 22, 23 Surgery is the most effective treatment and it is recommended as the first option of treatment for PHNETs and liver resection can be carried out in about 85% of cases. 1, 4, 9, 10, 12, 15, 16, 19, 20 It should pay attention to the fact that a definitive preoperative diagnosis may be delayed due to asymptomatic and often nonspecific clinical presentation. The recurrence rate of PHNETs is high: 18-40%, 5-years after surgical resection, while some authors suggest that this rate is even 70% (range from 6 months to 15 years). 1, [3] [4] [5] 10, 11, 19, 20 Multiple tumors experienced more frequent recurrences than those with solitary tumors 40 vs 15%. 5 Patients treated by major resection experienced significantly fewer frequent recurrences than those by subsegmental resection (17 vs 59% p value: 0.017). 4 Huang at all revealed the 1-year recurrence rate was 45.5%. 20 It was reported that 10-17% of cases develop metastases, so long-term follow-up is req uired. 1, 3, 4, 11, 16 Patients with PHNETs demonstrated more tendency to have a regional lymph node invasion compared with metastatic hepatic NETs (28.57% vs 8.7%). 16 The mean interval from resection to recurrence was 36.6-48 months. 1, 4 Notably, neuroendocrine cells diffused in the liver so it can explain the frequency of recurrences and often multifocal origin. 4 Even 23.7-44.4% of patients had more than one tumor. [1] [2] [3] [4] [10] [11] [12] [13] 16, 17, 20 Survival period after recurrence ranges from 3 months to 12 months. 19 The 1-, 5-, 10-year, and overall survival rates for primary tumors were 95-75%, 56-80%, and 50-68%, Zhang et al. 4 Wang et al. 2 Jia et al. 3 Shen et al. 11 Park et al. 12 Hwang 16 Yalaf et al. 10 Huang et al. 20 Lv 17 Donadon et al. 13 Period of study 17 There were no statistical significant differences in survival rates between patients with solitary and multiple tumors and between patients who underwent surgical resection for unilobar disease and bilobar disease. 4 Multivariate analysis of the prognostic factors associated with overall survive by Yang et al. revealed that tumor character (soft/hard; p = 0.001), number of tumors (solitar y/multifocal; p = 0.043), the immunohistochemical expression of neuron-specific enolase (NSE, p = 0.000) and Syn (p = 0.037) were statistically significant. 17 However, both patients with primary (n = 35) and metastatic (n = 46) hepatic NETs were included in the analysis. [17] Analysis by Hwang showed that the Ki-67 proliferative index was a significant tumor recurrence factor in univariate analysis and the average Ki-67 index in cases without recurrence was 1.7%. 15, 18 The 1-, 3-, and 5-year recurrence rates were 25, 40, and 18-40%, respectively. 16, 20 Diagnosis is based on traditional histopathology accompanied by immunohistochemistry examination (PHNETs-released positivity for markers, such as NSE, Syn, and CgA) with the postoperative exclusion of extrahepatic primary tumor. 2, 3, 10, 12, 15, 16 Long-time follow-up and postoperative diagnostic processes are necessary to exclude metastatic disease from an unknown primary origin. 1, 3, 10, 13 Careful investigation using many kinds of diagnostic methods (CT, MRI, scintigraphy, PET, panendoscopy, and bronchoscopy) is necessary to detect primary tumor. Syn and NSE confirm the neurosecretory character and show high specificity as markers for NETs. 2, 10, 11 Primary hepatic NETs were positive for CgA (70.83-94.7%), Syn (50.5-79.6%), cytokeratin (13.7-58.33%), and NSE (48.05%), respectively. [1] [2] [3] [4] [10] [11] [12] [13] 16, 17, 20 concLusIon Due to the rarity of PHNET, proper diagnosis compares with appropriate treatment is a challenge. Avoiding misdiagnosis from other solid tumors, especially HCC is important. Clinicians must keep in mind to remember about a high recurrence rate and long-term follow-up in order to exclude an underlying extrahepatic primary tumor. Correctly diagnose can guarantee good-long-term results.
Earl hypervascular, solitary tumor in imaging studies in the patient with normal serum AFP levels and without chronic liver disease should be suspected as PHNET. Table 2 : Clinical presentation of patients with PHNETs from published articles [2] [3] [4] [10] [11] [12] [13] 16, 19, 20 
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